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Abstract

SIPB is a Fortran computer program that was developed for use 

with a batch processing computer system with program control 

information and input data submitted on cards or tape and output data 

printed on a line printer. The program is an upgraded version of 

FSIP1 (Scott, Tibbetts, and Burdick, 1972) with several major 

improvements. It is a batch-mode version of SIPT which was developed 

recently for interactive timeshare computer systems (Scott, 1977). 

The most significant improvement was made in the procedure for handling 

data from in-line offset shotpoints beyond the end shotpoints of the 

geophone spread. The changes and improvements are described, additions 

to user's instructions are given, examples of input and output data 

for a test problem are presented, and the Fortran program is listed in 

this report.

Introduction

SIPB is a Fortran-4 computer program for inverse modeling of 

seismic refraction data. Output of the program is printed in tables 

and as a plotted vertical cross section representing velocity layering



beneath a line of seismic spreads. SIPB evolved from FSIP1, a 

batch-mode Fortran program developed and described by Scott, Tibbetts, 

and Burdick (1972) and by Scott (1973). SIPB has been developed and 

tested on a DEC-1070 computer with an ANSI 'Standard Fortran Compiler, 

and should be operable with only minor modification on any similar
 

machine with a virtual memory and a standard Fortran compiler.

This report describes the salient features of SIPB with emphasis 

on the changes and improvements that have been made over its 

predecessor FSIP1. An outline of user's instructions and examples of 

input and output data are presented along with a complete listing of 

the program.

Salient features of SIPB

The following basic assumptions apply to the inverse modeling 

procedure used in SIPB:

1. Layers are .continuous and extend from one end of the line of 

refraction spreads to the other.

2. Layer velocity increases with layer depth.

3. Horizontal velocity is equal to or greater than vertical 

velocity for any given layer.

4. Although vertical and horizontal velocity for a given layer 

may be different from one another, both velocities are 

constant from one end of a spread to the other. Vertical 

and horizontal velocities may vary from one spread to 

another.



5. The program user determines and specifies the refraction 

layer that is represented by each arrival time entered as 

input data. If a refraction layer is not specified, that 

arrival time is not used in computing the depth model.

6. The program user determines and specifies the position (in
 

3-D space) of each shotpoint and geophone for which arrival 

times are entered as input data.

7. Limits of input data:

Number of layers in a problem: 2-5 . 

Number of geophone spreads in a problem: 1-5   

Number of shotpoints per spread: 1-7 .

Number of geophones per spread: 2-25 (other ranges available) 

Number of problems per job: no limit .

The following changes and improvements over FSIP1 were made in 

developing SIPB;

1. Shotpoint explosive charges can be located in any layer in

SIPB. In FSIP1 all shots were assumed to be in layer 1 which 

sometimes caused this layer to be distorted near the shotpoint 

when shots were located in deep holes.

2. In FSIP1 the refraction horizons were extrapolated beyond 

the end geophones of the end spreads using the dip that was 

determined for the horizon between the two end geophones. 

This procedure sometimes produced erroneous projections of 

refraction horizons, resulting in an unreasonable model, 

particularly when option JOFF=1 was selected, which caused



rays to be traced from distant in-line offset shotpoints along 

projected refraction horizons. In SIPB, under the JOFF^l 

option, refraction horizons are extended beyond the spread 

ends to the actual entry point of the ray traced from the 

offset shotpoint into the refraction horizon during the 

previous iteration of ray tracing. Under the JOFF-O option 

the refraction horizon is projected using the dip obtained 

by linear regression of depth points occurring under the 

half of the geophone spread in question. This procedure 

usually projects the refraction horizon at a much gentler 

and more reasonable dip. However, in cases where this 

approach still produces an unreasonable result, a new option 

called IDIP can be selected by placing a 1 (rather than zero 

or blank) in column 80 of the second control cord. This 

option (IDIP=1) causes the ray-tracing subroutine RAYUP to 

use the average slope of the ground surface along the 

geophone spread(s) in place of the computed dip of the 

refraction horizons in tracing a ray from a refractor to a 

target geophone or shotpoint, which is equivalent to making 

the assumption that the directions taken by rays entering 

and emerging from the refraction horizon are those that 

would occur if all layers were parallel with the ground 

surface. The model layers are not



forced to be parallel with the surface by this option. 

However, the selection of this option cannot result in a 

completely valid model unless the refraction horizons are 

actually parallel with the ground surface, and it should 

not be used except as a last resort to obtain a reasonable 

model when large and uncorrectable errors are associated 

with input data. The IDIP option of SIPB replaces the IFILL 

option of FSIP1, an option that was seldom used and never 

needed since it merely changed the selection of characters 

used in producing the printer plot of the vertical 

cross-sectional model. Removal of the IFILL option has 

simplified subroutine PLOT, resulting in more efficient 

operation.

3. The option JOFF^O, obtained by putting a blank or zero in 

column 79 of the second control card in FSIP1, has been 

improved significantly in SIPB. The objective of this option 

is to reference the arrival times associated with offset 

shotpoints (beyond the spread end shotpoints) to the arrival 

times of the end shotpoints and then to trace the rays from 

the end shotpoints to the target geophones rather than from 

the offset shotpoints to the target geophones. This approach 

has the advantage of avoiding the need for an error-prone 

extrapolation of the refraction horizon beyond the end 

shotpoints (as described in item 2 above). However, one of 

the limitations of selecting this option with the old FSIP1 

program was that the offset shotpoint arrival times could
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not be referenced to the end shotpoint times for a given 

layer unless at least one of the geophones received 

refraction arrivals (representing the layer in question) 

from both the offset shotpoint and the end shotpoint. In 

the new program SIPB, if the arrival times from the two
»

shotpoints from the refractor do not overlap, two lines are 

fitted (by least squares) to the arrival times that are 

recorded from the two shotpoints for the refraction horizon, 

and the reference time correction (which is later subtracted 

from the offset shotpoint arrival times) is taken as the 

time difference between the two fitted lines at a point 

midway between the two inner geophones, one receiving an 

arrival from the offset shotpoint, the other from the end 

shotpoint. 

A. As an extension of item 3 (above), in FSIP1 if no arrivals

from the deepest refraction horizon were obtained by shooting 

the end shotpoint, then there was no way of referencing the 

arrivals obtained from the offset shotpoint to those obtained 

from the end shotpoint for the option JOFF=0, and the option 

JOFF=1 had to be used to obtain an interpretation down to 

the deepest layer. In SIPB, this problem is overcome by 

determining a reference correction time under the assumption 

that the two deepest layers are parallel. If this assumption 

is made, the times representing the deepest layer can be 

referenced to the arrivals representing the next shallower



layer (obtained from the same shotpoint) by subtracting

' from the arrivals representing the deepest layer. In the
 

above formula At. represents the reference correction time 

for referencing the arrivals from the offset shotpoint to 

the end shotpoint for the next shallower layer i (At. is 

obtained by the technique described in item 3 above) . V . 

and V. ,. represent the apparent velocities for the deepest 

layer i+1 and the next shallower layer i, and are determined 

by fitting lines (by least squares) to the arrival times 

representing the two layers.

5. A new option called XTRUE is available in SIPT. Its normal 

(default) value is zero and is obtained by placing a zero or 

blank in column 20 of the spread control card. The purpose 

of the option is to correct for the slope of the ground 

surface and to compute new inline coordinate values (x) for 

geophone and shotpoint locations for XTRUE=0. If the inline 

coordinate values for shotpoints and geophones are corrected 

for surface slope prior to entry into input data files, then 

the option XTRUE=1 should be selected to skip the correction. 

When the slope correction option XTRUE=0 is selected, the 

position of geophone number 1 is left unchanged and all 

other shotpoints and geophones are referenced to it. Users



should be aware that the XSHIFT option (4th word on spread 

control card or record) is not affected by this new option 

(XSHIFT is not corrected for slope of the ground surface 

when XTRUE=0) and it is the user's responsibility to correct 

XSHIFT for surface slope before it is entered into the input
.   »

data file.

6. A new option called IPLOT is available for selecting the type 

of time-distance plot desired for printer output. In the old 

program FSIP1, the time-distance plot was selected automatically 

as a function of the exit number. The use of IPLOT makes it 

possible for the user to control this selection.

User's instructions

Data cards are prepared using formats described by Scott, Tibbets 

and Burdick (1972, Appendix A, p. 27-32) with the following additions:

1. The new control card option IPLOT, used to select the type of 

time-distance plot desired, is punched in column 4 of the 

second control card. IPLOT^l is used to select a plot of raw 

times, IPLOT=2 gives a datum-corrected plot, IPLOT=3 gives a 

plot with offset shotpoint times tied to end shotpoint times, 

and IPLOT=4 gives a plot with layer 1 removed. If column 4 

is left blank, the default value of IPLOT is the absolute 

value of the exit number, or 4, whichever is smaller.

2. The new control variable IDIP replaces IFILL in column 80 of

the second control card. (See item 2 on p. 3-5 of this report.)
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3. The new variable XTRUE is available for correcting x-distances 

for the slope of the ground surface default action is to apply 

the correction (blank or zero, column 20, spread control card, 

see item 5, p. 7-8).

The program is executed by the same procedures used for FSIP1 

(Scott, Tibbetts, and Burdick, 1972).
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APPENDIX A.   Input data examples

Input data cards for two data sets are listed below. The two sets 

are identical except that the exit number for the first set is 6, and 

for the second set, -6. Output results for'both sets are given in 

Appendix B. ^T ^

ii AN'D S bpK>i.STKATlUrf OF EXIT 6SIPTST.J06 SPKEAi
2
1
2
3
4
S
S
S
S
S
5
S
S
S
S
S
S
S
S
S
S
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

644 2.5
1520
5900
9500

15000
3 12
A 24*»*9
C -24930
B 25075
1 24^-5*5
2 24841
3 24840
4 24*73  
.5 24902
6 24*343
7 25010
8 2VJ11
9 249R7

10 25132
11 25005
12 25059
4 12
L 24969
A 249H7
C 25117
B 25499
1 25132
2 25003
3 25005
4 25024
5 2505*
6 25096
7 25137
8 25174
9 25207

10 25293
11 253*1
12 25445

u 0

-29
a 0  )
900

0
75

ISO
22S
3 (/ 0
37b
4bO
497
bOO
675
77S
875
675

-704
- 7b
27S
563

o
5u

1 0 0
150
200
250
300
350
400
450
500
52b

2 
2
2

13
2<i

36
485
' O

<->e

78
73
«-l
93
92
99

2
2
2
2 

02
«?*>
ph
9ft
99
995

105
107
Io8
113
1165
119

2
2
?
2
3
3
3
3
4
4
4
4

4
4
4
4
4
4

4
4
4
4
4
4

69
57
<*7
43
37
19
25
24
43
65
b9
7tt

275
275
37
4*5
5fc
57
62
645
65
70
74
77

3
3
3
2
2
2
2
2
2
3
3
3

2
2
2
2
2
4
4
4
4
4
4
4

97
93
a 7
ao5
80
75
75
t>4
bO
5ft
34
1*

65
50
44
40
30
19
2J
3o
39
50
55
60

4
4
4
4
4

4
4
3
3
2
2
2

3
3
3
2
2
2
2
2
2
2
3
3

97
74
71
72
685
62
59
55
49
47
45
46

4
4
4
4
4
4
4
4
4
4
2
1

END
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SET

SIPTST.J06 SPREADS 5 AND S DEMONSTRATION OF EXIT -6
2-6 4 4 2,5
1
2
3
4
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
$
$
S
$
$
$
$
$
$
$
$
S
$
$
$
S
$

1520
5900
9500

1«>000
3 12
A 24869
C 24930
B 25075
1 24856
2 24841
3 24840
4 24873
5 24902
6 24843
7 25010
6 24911
9 24987

10 25132
11 25005
12 25059
4 12
t, 24869
A 24987
C 25117
B 25499
1 25132
2 25003
3 25005
4 25024
5 25059
6 25096
7 25137
8 25174
9 25207

10 25293
11 25381
12 25445

00

-29
400
900

0
75

150
225
300
375
450
497
600
675
775
875
675

-704
- 75
275
563

0
50
100
150
200
250
300
350
400
4bO
500
525

2 
2
2

13
24
36
485
62
66
78
73
81
93
91
99

2
2
2
2

92
R6
88
96
99
995

1<)5
107
108
U3
1165
U9

2
2
2
2
3
3
3
3
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4

69
57
47
43
37
19
25
24
43
65
69
78

275
275
37
485
56
57
62
645
65
70
74
77

3
3
3
2
2
2
2
2
2
3
3
3

2
2
2
2
2
4
4
4
4
4
4
4

97
93
87
8e>5
Sb
75
75
64
60
5b
34
IB

*5
50
44
40
30
19
20
30
39
50
55
60

4
4
4
4
4
4
4
3
3
2
2
2

3
3
3
2
2
2
2
2
2
2
3
3

87
74
71
72
685
62
59
55
49
47
45
46

4
4
4
4
4
4
4
4
4
4
2
1

END
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APPENDIX B.   Output data examples

Printer output for test problem SIPTST.J06 is given on the following 

pages. The first set shows the results obtained by selecting exit 6, 

and the second set, those obtained by selecting exit -6. The two sets 

are the same except that for exit -6 the amount of printout is reduced 

substantially. Input cards for both data sets are listed in Appendix A.
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APPENDIX C.   Fortran program listing 

The Fortran program for SIPB is given on the following pages,
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